Telomeres are heterochromatic structures at the ends of eukaryotic chromosomes. As other heterochromatin regions, telomeres are transcribed, from the subtelomeric region towards chromosome ends into the long non-coding RNA TERRA. Telomere transcription is a widespread phenomenon as it has been observed in species belonging to several kingdoms of the eukaryotic domain. TERRA is part of telomeric heterochromatin in addition to being present in the nucleoplasm. Here, we review the current knowledge of TERRA structure, biogenesis and turnover. In addition, we discuss presumed roles of this RNA during replication of telomeric DNA, heterochromatin formation and the regulation of telomerase.
Introduction
Telomeres, the physical ends of eukaryotic chromosomes, are associated with specialized proteins that protect the natural DNA ends from being recognized as sites of DNA damage [1] . During semiconservative DNA replication, telomeres shorten due to the end replication problem and to chromosome end processing by nucleases. Telomere shortening is counteracted by telomerase, a ribonucleoprotein enzyme that can extend the 3 0 ends of chromosomes by reverse transcribing a small region of its tightly associated RNA moiety [2] [3] [4] . The progressive erosion of telomeres and the activation of telomerase are linked to chromosomal stability, cellular immortalization, and tumor progression [5, 6] . Reactivation of telomerase in human cancer cells allows overcoming the senescence barrier and is a key requisite of cancer cells to attain unlimited proliferation potential.
Despite the fact that telomeres are heterochromatic structures, recent studies have demonstrated that eukaryotic telomeres are transcribed into TElomeric Repeat containing RNA (TERRA) [7] [8] [9] [10] . The nuclear localization of TERRA and its enrichment at telomeres indicates that TERRA is not translated but that it functions as non-coding RNA in the nucleoplasm and in telomeric and subtelomeric heterochromatin structures. Several roles of TERRA have been postulated [11] . TERRA may act as a regulator of the telomeric heterochromatin in analogy to other long non-coding RNAs like Xist and HOTAIR [11] . Telomeric DNA provides a challenge for the replicative machinery and TERRA may under certain circumstances become an obstacle and interfere with the semiconservative replication machinery. TERRA transcription may regulate telomerase globally or at individual telomeres as this RNA can act as a direct inhibitor of the telomerase enzyme.
TERRA primary and higher order structure
It has been demonstrated for human cells and the yeast Saccharomyces cerevisiae that TERRA is transcribed at several if not all chromosome ends from the subtelomere towards the end of the chromosomes [7, 9] . All human TERRA and most yeast TERRA 5 0 ends contain a 7-methylguanosine (m 7 G) cap structure (Porro, A., Feuerhahn, S., Reichenbach, P. and Lingner, J., submitted for publication; Panza, A. and Lingner, J., unpublished) (Fig. 1A) . This indicates that TERRA 5 0 ends are defined by transcription initiation and are not due to post-transcriptional processing events. TERRA is heterogeneous in length, ranging from 100 to >9000 bases in mammals [7] . In S. cerevisiae, TERRA is also heterogeneous with an average length of 380 bases [9] . The telomeric tract-derived 5 0 -UUAGGG-3 0 repeats of the vast majority of human TERRA molecules have an approximate length of 200 bases (Porro, A., Feuerhahn, S., Reichenbach, P. and Lingner, J., submitted for publication). Thus, the majority of TERRA sequence stems from the subtelomeric region and size heterogeneity is largely due to different lengths of this part of the RNA. Most human TERRA molecules terminate with the sequence UUAGG-3 0 (Porro, A., Feuerhahn, S., Reichenbach publication). A minor fraction (7%) of human TERRA and all yeast TERRA is polyadenylated [9, 12] .
The higher order structure of TERRA may be determined by TERRA binding proteins and the composition of the elusive TERRA TERRA levels are the lowest in late S phase and early G2, which corresponds to the time when telomeres are replicated and telomerase is extending chromosome ends. In the model, TERRA represses telomerase outside of S phase. ribonucleoprotein particle. Remarkably, however, RNAs with 5 0 -UUAGGG-3 0 repeats which resemble metazoan TERRA 3 0 regions adopt in vitro so-called G-quadruplex structures [13] [14] [15] [16] . G-quadruplexes are formed by DNA and RNA molecules that contain repeats of G-rich sequences [17] . In a quadruplex, four guanines are held together in a planar arrangement through eight hydrogen bonds in a Hoogsteen configuration. Several G-quartet planes stack on top of one another forming p-p interactions, which contribute to G-quadruplex stability. G-quadruplexes are characterized by high thermal stability and they can form under physiological salt and pH conditions in presence of monovalent cations (preferentially K + ). NMR and crystallography experiments with UUAGGG-repeat containing RNA oligonucleotides show formation of Gquadruplex structures in which the four sugar-phosphate strands run 5 0 -3 0 in parallel. Notably, CD spectra suggest that TERRA-oligonucleotides can also associate with single stranded DNA TTAGGGrepeat oligonucleotides in trans, forming intermolecular RNA/DNA hybrid G-quadruplex structures [13] . Hybrid TERRA/telomeric DNA structures could potentially form with the telomeric 3 0 overhang or at the base of the t-loop in which the G-rich telomeric DNA strand is displaced and therefore is potentially available for TERRA association. Finally, TERRA/telomeric DNA structures may form during lagging strand replication of telomeric DNA and therefore effectively inhibit DNA replication (see below).
TERRA transcription
TERRA synthesis in mammals and yeast is mediated by RNA polymerase II (pol II) [8, 9] . In mammalian cells, however, actinomycin D treatment that inhibits all polymerases causes faster reduction of TERRA levels than specific inhibition of pol II with a-amanitin, indicating possible contributions of other RNA polymerases [8] . In S. cerevisiae, the inactivation of pol II by the rpb3-2 ts allele prevented TERRA accumulation [9] . Pol II is also detected at telomeres in yeast, human and mouse cells [8, 9] . Approximately 1 = 4 of human telomeres contain three specific repetitive elements with CpG-rich sequences in their subtelomeric region [18] . DNA fragments comprising these CpG-islands show promoter activity and may therefore drive TERRA transcription at this subset of telomeres [18] . The cytosine methylation state of these DNA repeats negatively correlates with TERRA abundance [18] . In addition, other telomeric and subtelomeric chromatin hallmarks, such as H3K9 and H4K20 trimethylation, H3K4 di/trimethylation, H3K79 dimethylation, and the overall acetylation state of H3 and H4 tails affect TERRA transcription [8, 12, 19, 20] .
TERRA promoter sequences in budding yeast remain to be characterized. However, the major telomere binding protein in budding yeast Rap1 regulates TERRA both at the level of transcription and degradation (Iglesias, N., Redon, S., Dees, M., Lingner, J. and Luke, B., submitted for publication). Budding yeast Rap1 binds directly double-stranded telomeric DNA and it plays a major role in telomere length regulation [21] , chromosome end protection [22] and silencing of genes near telomeres, a phenomenon known as telomere position effect (TPE) [23] . The diversity of Rap1 function at telomeres is mediated through the recruitment of Rif (Rif1 and Rif2) and Sir (Sir2, Sir3, and Sir4) complexes via its C-terminal domain [24] . Sir2, recruited to telomeres via Sir4, deacetylates histones and thereby establishes silent chromatin across telomeric loci [24] . Interestingly, in dependency of the presence or absence of Y 0 elements in the subtelomeric region, which are present at about two-thirds of telomeres [25] [26] [27] , Rap1 uses different protein partners to negatively regulate TERRA. At Y 0 -containing telomeres, Rap1 regulates TERRA via Rif1 and Rif2 which appear to control the nuclear 5 0 -3 0 exonuclease Rat1 and perhaps also transcription (Iglesias, N., Redon, S., Dees, M., Lingner, J. and Luke, B., submitted for publication). In contrast, at telomeres lacking Y 0 elements, Rap1 promotes TERRA transcriptional repression via Sir2/3/4 as well as Rat1-mediated TERRA degradation. Notably, Y 0 element containing telomeres do not have the classical hallmarks of heterochromatin, characterized by low levels of histone acetylation and high Sir3 occupancy [28, 29] . How Rap1 controls TERRA degradation through Rat1 is unclear.
It has to be determined to what extent TERRA regulation by Rap1 is a conserved feature in eukaryotes. In the mouse, Rap1 deletion does not affect TERRA levels [30] . Notably, the sequence conservation of S. cerevisiae Rap1 and its orthologs in complex eukaryotes is low [31] and Rap1 interacting partners are different. Complex eukaryotes have no known Sir3, Sir4, or Rif2 homologs, and human Rif1 does not localize to telomeres and is not thought to interact with human Rap1 [32] .
Several other chromatin modulators are involved in the regulation of TERRA. Indeed, disturbance of the (sub-)telomeric heterochromatic state in mammalian cells by, e.g. treatment with the histone deacetylase inhibitor trichostatin A or knock-down of histone methyltransferases increases TERRA levels [8, 12, 33] . Moreover, the histone methyltransferase MLL is involved in TERRA transcription upregulation after telomere uncapping, an effect depending on functional p53 [19] . The yeast ortholog of MLL, known as Set1, plays a role in telomere silencing and its inactivation results in telomere shortening [34] . However, its involvement in TERRA silencing has not been investigated yet. The histone H3 variant H3.3 is enriched in the mouse near telomeres and contributes to TERRA repression. Upon deletion of Atrx, a protein required for enrichment of H3.3 at telomeres in embryonic stem cells, TER-RA is upregulated 1.7-fold [35] .
TERRA 3 0 end formation
The pure telomeric-UUAGGG tract length of TERRA which lacks cytosines was measured by performing TERRA reverse transcription in the absence of dGTP (Porro, A., Feuerhahn, S., Reichenbach, P. and Lingner, J., submitted for publication). This analysis revealed that the 3 0 ends of the majority of human TERRA molecules contain $200 bases of 5 0 -UUAGGG-3 0 repeats with little length heterogeneity. Although post-transcriptional trimming cannot be ruled out, this finding suggests that TERRA transcription does not proceed far into the telomeric tract (Fig. 1A) .
Although transcribed by pol II, only 7% of human TERRA molecules are polyadenylated [12] . The mechanism of TERRA polyadenylation remains to be elucidated as a canonical 5 0 -AAUAAA-3 0 cleavage and a polyadenylation signal is missing. Canonical polyadenylation increases transcript stability whereas non-canonical poly(A) polymerases are involved in RNA quality control pathways, triggering RNA decay by adding short poly(A) tails to their substrate which then promote exosome-mediated RNA degradation [36, 37] . Poly(A)À TERRA has a half life of $3 h whereas poly(A)+ TERRA is considerably more stable (t 1/2 > 8 h) (Porro, A., Feuerhahn, S., Reichenbach, P. and Lingner, J., submitted for publication). This suggests that the canonical poly(A) polymerase (PAP) is responsible for TERRA polyadenylation in humans. It is notable that poly(A)+ and poly(A)À TERRA differ in their termination sites. The poly(A) tails start with the adenosine within a 5 0 -UUAGGG-3 0 repeat whereas poly(A)À TERRA most often terminates in the sequence 5 0 -UUAGG-3 0 (73%) and to a lesser extent (25%) in the sequence 5 0 -UUAG-3 0 (Porro, A., Feuerhahn, S., Reichenbach, P. and Lingner, J., submitted for publication). Altogether, different mechanisms and machineries may be involved in 3 0 end formation of poly(A)+ and poly(A)À TERRA populations.
In S. cerevisiae, TERRA is polyadenylated by the canonical poly(A) polymerase Pap1 [9] . In presence of the pap1-1 ts allele, TERRA is quickly disappearing at the restrictive temperature. On the other hand, TRF4 deletion increases TERRA levels indicating that Trf4-dependent polyadenylation does also occur to some ex-tent channeling TERRA towards degradation by the nuclear exosome.
Regulation of TERRA: localization and the NMD connection
Mammalian TERRA is detected exclusively in nuclear fractions, where it partially co-localizes with telomeres not only in interphase cells but also in transcriptionally silent metaphase cells [7, 8] . Cell extract fractionation experiments revealed that chromatin-associated TERRA is not polyadenylated whereas poly(A)+ TER-RA accumulates in the nucleoplasm without binding to telomeric or other chromatin (Porro, A., Feuerhahn, S., Reichenbach, P. and Lingner, J., submitted for publication; Fig. 1B ). These data suggest distinct biological functions of different TERRA-pools.
The non-sense-mediated RNA decay (NMD) machinery, which is best known for its role in RNA quality control in the cytoplasm, plays a crucial role in the displacement of TERRA from human telomeres. Depletion of the NMD factors UPF1, SMG1 or EST1A/SMG6 led to increased abundance of TERRA at telomeres [7] . However, neither the overall TERRA degradation rate nor total TERRA expression levels were strongly affected by depletion of these factors. Therefore, UPF1/SMG1/EST1A may trigger specific degradation of the poly(A)À TERRA fraction that is associated with chromatin, rendering the effect undetectable on Northern blots in which total TERRA is analyzed. NMD factors may be directly acting on TERRA at telomeres as they can be detected at telomeres by chromatin immunoprecipitation (ChIP) [7] .
In budding yeast, the proteins encoded by the UPF1, UPF2, UPF3, and EBS1 genes promote NMD [38] [39] [40] . These proteins localize largely to the cytoplasm. A recent high-throughput analysis using a strain mutated for the NMD component Upf1 reported the accumulation of transcripts from Y 0 -elements and surrounding regions at telomeres [41] . Inactivation of NMD in S. cerevisiae also results in an increase of TERRA transcripts (Iglesias, N. and Lingner, J., unpublished data). However, inactivation of NMD does not decrease the decay rates of TERRA in yeast. This indicates that in budding yeast NMD factors negatively regulate TERRA transcription (Iglesias, N. and Lingner, J., unpublished data). A direct role of yeast NMD factors on TERRA expression would entail that they interact with telomeres as in human cells [42] . In this respect, it is interesting to note that Upf2 has a putative nuclear localization signal (NLS) sequence, which is required for function [43] . Furthermore Upf3, although primarily cytoplasmic, accumulates inside the nucleus when overexpressed [44] . Intriguingly, NMD mutants in budding yeast have short telomeres, which have been attributed to the increased levels of the telomere-capping factors, Stn1 and Ten1 [45, 46] . It will be interesting to determine whether the shortening of telomeres in NMD mutants is also a consequence of TERRA accumulation and to decipher if NMD factors not only affect TERRA transcription but also impinge on TERRA localization.
A role for TERRA in DNA replication?
The majority of telomeric DNA is replicated by semiconservative DNA replication and only in telomerase-positive cells, a small portion of the telomere is synthesized de novo at the 3 0 end of the chromosome by telomerase. Telomeric DNA is a challenge for the semiconservative DNA replication machinery. In fission yeast, deletion of the double strand DNA binding protein Taz1 leads to stalled replication forks at telomeres and precipitous loss of telomeric DNA that can only be circumvented in the presence of telomerase, which may heal presumed truncated DNA replication intermediates [47] . In mammalian cells, the telomere replication depends on TRF1, which is considered a Taz1-ortholog. Without TRF1, replication forks stall at telomeres and they show a fragile-site phenotype [48] .
Replication difficulties at telomeres may be caused by several telomeric features. Since telomeres consist of tandem repeats, slippage events may occur during replication [49] . Furthermore, telomeric repeats can form higher order structures including Gquadruplexes, t-loops and d-loops that may also hinder or prevent replication fork progression [50] . In addition, the heterochromatic and therefore compact nature of telomeres may affect replication progression [51] . Finally, as discussed in the next paragraph TERRA may interfere with replication.
TERRA may hybridize to the C-rich strand of the telomere during replication, particularly at the lagging strand telomere where single stranded C-rich DNA is exposed during lagging strand synthesis. TERRA may also form intermolecular G-quadruplex structures with the G-rich DNA strand of the telomere as discussed above and therefore interfere with replication. This problem may be partially solved through the cell cycle regulation of TERRA. Indeed, qRT-PCR measurements of human TERRA transcripts from four different chromosome ends revealed that TERRA accumulates in early G1 and drops in S phase reaching the lowest expression levels as cells progress from late S to G2 phase (Porro, A., Feuerhahn, S., Reichenbach, P. and Lingner, J., submitted for publication; Fig. 1C ). However, a direct interplay between TERRA and DNA replication enzymes and factors at the telomere does exist suggesting additional mechanisms. As discussed above, the 5 0 -3 0 DNA and RNA helicase UPF1 as well as other NMD factors regulate telomere abundance of TERRA [7] . Notably, two NMD factors interact with replicative enzymes. UPF1 interacts with DNA polymerase d, accumulates on chromatin during S-Phase and is essential to complete DNA replication [42, 52] . Thus, UPF1 may ensure proper telomere replication by displacing or locally degrading TERRA from telomeres for progression of the replication fork, thereby avoiding unwanted annealing of TERRA to single-stranded telomeric DNA. The NMD factor EST1A/SMG6 physically interacts with telomerase and it might play a role in liberating telomerase from TERRA-mediated inhibition [53] [54] [55] . Interestingly, the cells from patients suffering from the Immunodeficiency Centromeric Instability and Facial abnormalities type I syndrome (ICF) in which one DNMT3b allele is mutated [33] have increased TERRA levels. Similar to cells in which NMD function is impaired, telomeres are lost at a high rate in ICF cells. In addition, increased TERRA levels correlate in ICF cells with decreased subtelomeric heterochromatin formation as well as untimed replication onset. TERRA was reported to physically interact with TRF1 and TRF2 in order to recruit the ORC2 protein to telomeres [56] . Although origin firing within telomeric repeats is a rare event [48] , it seems conceivable that ORC proteins at telomeres assist telomere replication. Transfection of siRNAs that were designed to target TERRA decreased telomere-association of ORC2 [56] . However, in the Deng et al. paper, the TERRA signal on the Northern blot was smaller than 1 kb which is considerably smaller than what has been reported for TERRA in studies from several other laboratories [7, 8, 30, 35, 57] . Thus, it seems that a different RNA population may have been assessed by Deng et al. It is also interesting to note that in previous studies the transfection of short telomeric DNA oligonucleotides led to severe perturbation of telomere function [58] . Overall, transfection of oligonucleotides with telomeric sequence may have multiple direct and indirect effects on telomere structure and function. It remains an important challenge for the future to unequivocally identify TERRA functions.
TERRA and heterochromatin formation
Telomeres as well as subtelomeres are enriched for several heterochromatic marks including H3K9 and H4K20 trimethylation imposed by histone methyl transferases (HMTs), heterochromatin Protein 1 (HP1) as well as hypoacetylated histones [59, 60] . More-over, subtelomeric DNA is heavily methylated by DNA methyltransferases (DNMTs) in human cells [33] . Other non-coding RNAs have been functionally linked to heterochromatin formation including Xist and Piwi [61] [62] [63] and it is tempting to speculate that TERRA is involved in telomeric heterochromatin formation. A regulatory loop connecting telomere length, TERRA abundance as well as telomeric heterochromatinization has been suggested because of the inverse correlation between telomere length and density of heterochromatin marks and the correlation between TERRA levels and telomere length [8] .
Diminished H3K9 methylation at telomeres was reported upon transfection of siRNAs against TERRA [56] . However, as discussed above the interpretation of these experiments may not be straightforward. Nevertheless, in the same study, it was shown by RNA ChIP that TERRA associates with HP1alpha and H3K9me3, reinforcing the idea of a link between TERRA and heterochromatin. It remains still to be established if TERRA level changes are cause or consequence for heterochromatic effects.
TERRA is also detected in Arabidopsis thaliana [10] . Moreover, in this species, as well as in S. cerevisiae, TERRA antisense transcripts, termed ARRET, have recently been discovered [9, 10] . Arabidopsis TERRA and ARRET are not only derived from telomeres but are mostly derived from centromeric regions, which contain remnants of telomeric DNA. siRNAs derived from plant TERRA and ARRET transcripts were detected and they are generated in dependency of the RNA-dependent DNA methylation (RdDM) pathway, which is a plant-specific mechanism that utilizes siRNAs to guide DNA methyltransferases to asymmetric cytosines (CNN) [10] . TERRAderived siRNA is associated with AGO4, which is part of the effector complex that mediated CNN methylation of telomeric DNA. In summary, a causal role of TERRA for heterochromatin formation is most clearly emerging in plants [10] . Small RNAs containing telomeric sequences have also been reported for mouse embryonic stem cells but their function remains unknown [64] .
Regulation of telomerase
Telomerase is thought to act after conservative DNA replication [65] extending the 3 0 end of chromosomes in order to counteract telomere shortening that occurs due to the end replication problem and nucleolytic processing of chromosome ends. Several lines of evidence suggest that TERRA may act as a direct regulator of telomerase [8, 66] . TERRA molecules resemble in sequence the telomeric DNA substrate. Thus they contain telomeric repeats (e.g. 5 0 -UUAGGG-3 0 repeats in mammals) near their 3 0 ends, which are complementary to the template sequence of telomerase RNA. A fraction of endogenous TERRA is bound to human telomerase in cell extracts [66] . Furthermore, using in vitro reconstituted telomerase and synthetic TERRA molecules it was demonstrated that the 5 0 -UUAGGG-3 0 repeats of TERRA base-pair with the RNA template of the telomerase RNA moiety [66] . In addition TERRA contacts the telomerase reverse transcriptase (TERT) protein subunit independently of hTR. The TERRA-hTERT interaction site remains to be characterized. Overall, the affinity of telomerase for TERRA is remarkable as it exceeds the affinity for telomeric DNA. In vitro studies further demonstrate that TERRA is not used as a telomerase substrate. Instead, TERRA acts as a potent competitive inhibitor for telomeric DNA in addition to exerting an uncompetitive mode of inhibition. The observed mixed inhibition by TERRA indicates that TERRA can bind to telomerase even while bound to the telomere substrate [66] . This may be explainable through a direct hTERT-TERRA interaction, which may be distinct from the previously reported direct TERT-DNA contacts that are elicited through the so-called anchor site [67] . As already discussed, TERRA is displaced and/or degraded at telomeres by NMD factors which physically interact with the telomeric chromatin [7] . Among these factors, EST1A/SMG6 was also identified through its sequence similarity with the S. cerevisiae telomerase associated protein Est1 and human EST1A/SMG6, as yeast Est1 physically interacts with telomerase [53] [54] [55] .
Genetic experiments in S. cerevisiae provide evidence that TER-RA regulates telomerase in vivo. In the rat1-1 mutant background in which the function of the 5 0 -3 0 exonuclease Rat1 is reduced, TERRA is upregulated and telomeres are shorter than in wild type cells due to impairment of telomerase-mediated telomere elongation [9] . Further support for the role of TERRA in inhibiting telomerase in vivo stems from an observation that forced telomere transcription (through the use of the strong Gal-promoter) leads to telomere shortening of the transcribed telomere in cis [68] .
Perspective
Feedback loops may regulate telomere transcription, chromatin structure and telomere length. Telomere transcription and TERRA may promote at the same time heterochromatization and prevent telomerase-mediated telomere elongation. Reinforcement of telomeric heterochromatin should in turn reduce telomere transcription, which again may weaken the heterochromatic state. Similarly, it is possible that upon telomerase-mediated telomere elongation telomere transcription is reinforced to stop further elongation. In addition, telomere transcription may respond to other local cues at the telomere or more global stress situations in order to modulate chromosome end structure and repress telomerase. At this stage it remains rather unclear under which physiological circumstances TERRA is induced and if the purpose is indeed telomerase repression or the modulation of chromatin structure. The cell cycle regulation of TERRA and the timing of telomere elongation would be consistent with a role in repressing telomerase outside of S-phase in a cell cycle dependent manner (Fig. 1C) . Interestingly, distinct TERRA populations can be distinguished through the nature of their 3 0 ends and their association with chromatin. Distinct TERRA ribonucleoprotein particles might exert different functions. If non-chromatin-associated TERRA was associating with telomerase it would elicit an overall inhibition of the enzyme whereas telomere-associated TERRA should act specifically in cis.
It will be important to develop systems that allow genetic manipulation of TERRA transcription, localization and assembly into the elusive RNP particles in order to learn about its functions. Elucidation of TERRA biogenesis may provide the necessary tools that allow perturbation of TERRA. Identification of TERRA binding proteins may give hints on which cellular activities may be recruited or locally sequestered by this RNA. In addition, it may allow identification of protein factors that are important for subnuclear localization or turnover. An additional challenge will be to understand possible interactions of TERRA with telomeric DNA. In the rat1-1 yeast mutants, TERRA-DNA hybrids seem to form, which can be overcome through overexpression of RNase H, which degrades RNA in DNA/RNA hybrids [9] . However, it is unclear if TERRA/DNA hybrids also occur in wild type cells. It will also be a challenge to assess possible G-quadruplex interactions between TERRA and telomeric DNA in trans. Notably, TERRA is only one of several recent examples that testify the amazing structural and functional complexity that is unfolding at telomeres. The closer we get the more can be seen. This is not the end. It is not even the beginning of the end. But it is, perhaps, the end of the beginning. 
